Trophic interactions are important determinants of the structure and functioning of 35 ecosystems. As the metabolism and consumption rates of ectotherms increase sharply with 36 rising temperature, there are currently major concerns that global warming will increase the 37 strength of trophic interactions, destabilizing food webs, and altering ecosystem structure and 38 function. We used geothermally warmed streams that span a ~10 ºC temperature gradient to 39 investigate the interplay between the thermal response of respiration, local adaptation, and 40 the interaction strength between the keystone gastropod grazer, the wandering snail Radix 41 balthica, and a common algal resource. Populations from a warm stream (~28ºC) had higher 42 maximal metabolic rates and optimal temperatures across all measurement temperatures than 43 those from a colder stream (~17ºC), suggesting local adaptation of metabolic rates. A 44 reciprocal transplant experiment demonstrated that the interaction strength between the 45 grazer and its resource were highest for both populations when transplanted into the warm 46 stream. In line with the thermal response curves for respiration, interaction strengths of the 47 warm-adapted grazers were higher than their cold-adapted counterparts in both the warm and 48 the cold stream. These findings suggest that warming can increase the strength of algal-grazer 49 interactions both through the thermodynamic effects of higher temperatures on physiological 50 rates and through correlated increases in per capita metabolism and consumption as 51 organisms adapt to warmer temperatures. 52 53
interactions have the potential to destabilise food webs and consequently, warming induced 67 increases in interaction strengths could have fundamental implications for ecosystem 68 structure and function. For example, elevated grazing rates in aquatic ecosystems, driven by 69 the mismatch in thermal sensitivity between autotrophs and heterotrophs, are a key driver of 70 projected declines in aquatic primary production over the 21 st century in models of ocean 71 biogeochemistry (Laufkötter et al. 2015) . 72
The effects of temperature on metabolic rates and traits associated with consumer-73 resource interactions (e.g. consumption rates, handling times) often follow characteristic 74 unimodal thermal response curves, in which rates increase exponentially to an optimum and 75 decline rapidly thereafter (Dell et al. 2011 (Dell et al. , 2014 Table 1 ), and hence 126 present an opportunity to investigate how the effects of warming and local adaptation interact 127 to shape the thermal dependence of consumer-resource interactions. 128 ! 6! the oxygen electrode. The snails were kept overnight in aerated tanks at the average stream 136 temperature of origin and in the absence of a food source to minimise any potential effects of 137 differences in food quantity or quality between streams. Respiration was quantified as the 138 rate of oxygen consumption in a Clark-Type oxygen electrode, measured between 4 -44 ºC 139 in 4 ºC increments (11 temperatures in total). At each temperature, respiration was measured 140 for 3 individuals, and a different set of individuals was measured at each temperature (i.e. 141 each animal was only subjected to a single assay). Individuals were allowed 15 minutes at the 142 assay temperature prior to the measurements. The subsequent thermal responses of 143 respiration were quantified using a modification of the Sharpe-Schoolfield equation (see 144 Schoolfield et al. (1981) for the original equation): 145
(1) 146
k is Boltzmann's constant (8.62×10
-5 eV K -1 ), E a is an apparent activation energy (in eV) for 148 the metabolic process, ln (b(T c )) is the rate of metabolism normalised to an arbitrary 149 reference temperature, T c = 18 ºC, where no low or high temperature inactivation is 150 experienced. M i is the mass (g) of an individual i, α is the allometric scaling exponent that 151 characterises the power-law relation of mass and metabolic rate (Brown et al. 2004 ). E h 152 characterizes temperature-induced inactivation of enzyme kinetics above T h where half the 153 enzymes are rendered non-functional. Differentiating equation (1) and solving for the global 154 maxima yields an expression for the optimum temperature 155 (1) used to characterize low-temperature inactivation due to insufficient 160 data to quantify this phenomenon in our analysis. Second, rather than characterize 161 temperature effects below T opt using the Eyring (1935) 
) , we instead 162 use the simpler Boltzmann factor, !
) . This simplification enables an explicit solution 163
for T opt (Eq. 2) and facilitates more direct comparison with previous work on the temperature 164 dependence of metabolism using metabolic theory (e. characterising the metabolic thermal response that we expect to be under selection in R. 168 balthica inhabiting the hot and cold streams. We tested for differences in each of the 169 parameters between the populations of R. balthica by fitting the respiration data to Eq. (1) 170 using generalised non-linear least squares regression (within the 'gnls' function in the 'nlme' 171 package for R, package version 3.1-128) and including 'origin' as a two level factor (i.e. 172
'cold' and 'warm' stream). We tested for differences between populations for each parameter 173 by sequentially removing the effect of 'origin' on each parameter and comparing the Akaike 174 information criterion for small sample sizes (AICc) for all possible models (see SI Table 1  175 and SI Table 2) using the 'aictab' and 'modavg' functions from the AICcmodavg package 176 (package version 2.1-0). The model chosen for further exploration was that with the lowest 177 (AICc) value. Model averaging was carried out when models fell within 2 AICc units of each 178 other, and the conditional averages of the parameters were used for curve fitting and 179 interpretation (see also Table 2 ). The relative importance of the fixed factors in the averaged 180 model was determined using the sum of their relative weights. 
where N is total chlorophyll (sum of Chl a + Chl c) content of control, D total chlorophyll in 236 the grazed microcosm, Y is the grazer biomass (g C), and t is time in hours. Snail blotted wet 237 weight was converted to carbon mass (in grams) using conversion factors that assume dry 238 weight to be 7.5% of the blotted wet weight (Ricciardi & Bourget 1998) and a carbon content 239 of 22% dry weight (Burgmer et al. 2010) . 240
We carried out two analyses using the data from the reciprocal transplant experiment. 241
The first analysis, used a generalised linear model (GLM), with 'interaction strength' as the 242 response variable and 'origin' ('cold' or 'warm' stream) and 'transplant temperature' (17.5 243 and 28.3 ºC) as potentially interacting factors. We used this analysis to determine (i) whether 244 interaction strengths differed between snails that originated from the warm or cold streams 245 (e.g. a main effect of 'origin'); (ii) whether interaction strengths were temperature dependent 246 (e.g. a main effect of 'temperature'); and (iii) whether the temperature dependence of 247 interaction strength differed between the snails from the cold and warm streams (e.g. 248 interaction between 'origin' and 'temperature'). The design of the reciprocal transplant 249 experiment also enabled us to disentangle short-term temperature responses attributable to 250 acclimation (e.g. responses to the temperature in the 'transplanted' stream) from those 251 reflecting processes operating over longer, evolutionary time scales (e.g. adaptation to the 252 temperature in the stream of 'origin'). The second GLM included 'interaction strength' as the 253 response variable and 'timescale' ('short' or 'long') and 'transplant temperature' (17.5 and 254 28.3 ºC) as potentially interacting factors. Here, 'short-term' temperature responses were 255 characterised as the change in interaction strength between the stream of origin and the 256 transplant stream. By contrast, the 'long-term' temperature response was characterised as the 257 change in interaction strength comparing measurements made only when the snails were in 258 their stream of origin. We re-express the transplant temperature data as Boltzmann
so that the coefficients of the model yield activation energies in units 260 of eV (see E. (1)). In this analysis, a significant interaction between 'transplant temperature' 261 and 'timescale' would demonstrate that the temperature dependence of interaction strength 262 differs between the 'short-term' (E short ), and 'long-term' (E long ). We assume that E short 263 captures rapid physiological plasticity (e.g. acclimation) in interaction strength in response to 264 a change in temperature and E long captures both acclimation and adaptation (evolution). 265
Consequently, the component of the temperature sensitivity attributable to evolution is given 266 by E evol = E long -E short . 267
268

RESULTS
269
Metabolic thermal response curves 270
The allometric scaling coefficient, α, and the apparent activation energy, E a , were consistent 271 between the populations of R. balthica from the cold and warm streams (see Table 2 for 272 model comparison and estimated parameter values). The temperature normalised rate of 273 respiration, ln b(T c ), and T h (the temperature at which respiration was 50% inactivated) were 274 both higher in the population of R. balthica from the warm stream. Because the optimum 275 temperature, T opt , depends strongly on T h (see Eq. (2)), T opt was higher in R. balthica from 276 the warmer stream (T opt warm = 38.25 ± 0.6 ºC; T opt cold = 33.05 ± 1.5 ºC). As ln b(T c ) and 277 T opt were both higher, the warm populations of R. balthica had elevated per capita metabolic 278 rates across the full range of measurement temperatures (Fig. 2) . balthica from both the warm and the cold streams ( Fig. 3 ; main effect of 'transplant 285 temperature' (GLM, t 1,21 =2.56; p<0.01). Furthermore, interaction strengths were consistently 286 higher for the populations of R. balthica from the warm stream in both transplant 287 temperatures ( Fig. 3 ; GLM main effect of 'origin' t 1,21 = 2.90; p <0.005). These findings are 288 consistent with the higher respiration rates observed in the warm population (Fig. 2) and 289 highlight the association between metabolism and interaction strength. 290 291
Disentangling the effects of acclimation and adaptation on interaction strength 292
Our experimental design enabled us to compare temperature sensitivities that capture short-293 term thermal acclimation (e.g. changes in interaction strength in response to the reciprocal 294 transplant) as well as the long-term temperature sensitivity, which also includes effects of 295 local adaptation (e.g. changes in rates between warm and cold populations quantified in the 296 stream of origin). We found that interaction strength increased with temperature in both the 297 short-and the long-term (Fig. 3) . However, the magnitude of the temperature response was 298 significantly larger in the long-term ( Fig. 3 ; interaction between 'transplant temperature' and 299 'timescale' on interaction strength; GLM t 1,18 = -2.19; p < 0.05), where, the average E short was 300 0.46 eV, while E long was significantly higher at 0.99 eV. This divergence between the short-301 and long-term temperature sensitivities implies a non-trivial contribution of evolution in 302 amplifying the effects of temperature on interaction strength in situ, with the contribution of 303 
! 14!
We found significant variation in the thermal response curves for respiration between 334 the populations of R. balthica from the warm and cold streams. The optimum temperature 335 (T opt ) for respiration was higher in the warm population (i.e. metabolic rates peaked at higher 336 temperatures). Furthermore, the inactivation energy (E h ) was lower in the warm population, 337
indicating that declines in the rate of respiration after the optimum (i.e. at high temperatures) 338
were less pronounced than in grazers from the cold stream, where metabolic rates peaked at 339 lower temperatures and declined markedly at temperatures above T opt . These divergences in 340 metabolic traits suggest that the metabolism of the warm and cold populations of R. balthica 341 reflect local adaptation to the different thermal regimes in these streams. Whilst the higher 342
T opt and lower E h in the warm population were in line with expectations assuming local 343 thermal adaptation, we found no evidence that metabolic performance at high temperature 344 was traded-off against performance at low temperature. Instead, metabolic rates were higher 345 for R. balthica from the warm stream across all measurement temperatures. These results are 346 in broad agreement with the "hotter is better" hypothesis, which proposes that maximal 347 performance of organisms with higher optimal temperatures should be greater than those with 348 lower optimum temperatures because of the thermodynamic constraints imposed by high 349 . Consequently, such analyses don't capture the capacity for thermal adaptation to 396 modulate per capita rates. Our results highlight substantial differences between the short-and 397 long-term effects of temperature on interaction strength; implying that thermal adaptation 398 plays an important role in maintaining the balance between metabolic and consumption rates 399 over the long-term. 400
We quantified the effects of local adaptation (evolution) on interaction strength by 401 comparing the short-and long-term effects of temperature in the reciprocal transplant 402 experiment. The short-term temperature response (E short ) captures the effects of physiological 403 plasticity over the 48h experiment. Conversely, the long-term response (E long ) also accounts 404 for processes operating over longer, evolutionary timescales. The E long value was higher than 405 E short , implying a significant role for evolution in shaping the effects of temperature on in situ 406 interaction strengths. Notably, the higher E long was driven both by elevated grazing rates in 407 the warm populations in the warm stream and lower rates in the cold populations in the cold interaction strength indices in all environments and the highest dynamic index overall was found for snails from the warm stream in their 657 original environment. Interaction strength increased with temperature both in the short-term (E short , dashed blue lines) and in the long-term (E long , 658 solid blue line), with E long significantly greater than E short . Black boxplots for snails from the colder stream, while red denotes snails from the 659 warmer stream. 660 
